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DEVICE FOR FILLING A MOULD 
WITH A POWDER OR A MIX OF POWDERS 

TECHNICAL DOMAIN 

The" invention relates to a device for filling a 
mould, particularly a compression mould, with: a powder 
- or- mix of powders in very wide ranges of materials such 
as construction materials, pharmaceuticals, food 
5 processing, nuclear ceramics, cement, sintered metallic 
powders . 

STATE OF PRIOR ART 

The domain of the invention relates to pattern 
10 cavity filling systems with finely divided materials to 
facilitate . their compression. In this domain, solutions 
are searched for so as to deposit or transport powder 
-into a compression mould, in a controlled, uniform and 
fast manner. In", particular, the purpose is controlled 
15 and modulable filling of a mould for .uniaxial 
compression, or hot isostatic compression, or sintering 
with -a mix of powders. 

In powder metallurgy, many components are made by 
compression of metallic powders obtained by 
•20 thermochemical means or atomisation. Powders are 
deposited in a cavity „or pattern cavity of a die in the 
shape that the component is to have, and powders are 
then compressed under very high pressures. The pellets 
-obtained are then sintered, in other words heated to 
25 very high temperatures so that the compressed powders 
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are bonded together into a compact mass with 
sufficiently good mechanical properties to form a 
solid. 

There are many methods for filling the compression 
5 pattern cavity with powders. 

One of the most frequently used methods is 
volumetric filling of a pattern cavity by gravity. The 
disadvantage of ' this technique is that it cannot be 
used to control filling of the cavity. Consequently, 
10 large variations in powder weight are observed in the 
cavity, with non-uniform distributions of . powders in 
the cavity. 

Other methods consist of fluidising the powder. 
Many fluidised systems are now available and are 

15 marketed. For some, the powder may be fluidised in the 
powder storage device (see documents [1], [2], [3]) or 
directly in the cavity (see document [4]). However, in 
both cases the systems have a major common 
disadvantage. Fluidisation is obtained by injecting gas 

20 into the filling, system. Therefore, gas flows must be 
managed very precisely and this creates problems- in 
terms of robustness of the system. Furthermore,- the gas 
in the powder can initiate instability. Therefore, the 
use of gas leads to a powder deposit with advantages 

25 but for which the level of control remains low. 

There are other systems that provide partial 
improvements to the problem of filling a cavity with 
powder. For example, some systems compact powder by 
pressure waves in the shoe (see document [5]), while 

30 others use a shoe with cross displacement (see document 
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[6]) or a shoe outputting pre-compacted powder (see 
document [ 7 ] ) . 

However, these techniques neither enable precise 
filling of the cavity in space, nor uniform filling of 
5 the cavity, particularly in the case of complex moulds 
for powders that will subsequently be significantly 
compressed. Control of the powder flow in time and in 
space remains poor in these systems. 

10 PRESENTATION OF THE INVENTION 

The purpose of the invention is to feed a device 
without these disadvantages. This purpose is achieved 
by a device for filling at least one mould with at 
least one powder, characterised in that it comprises: 
15 - means for adding at least one powder, 

- at least one means for ejecting the powder added into 
the device, in the form of a layer, 

- at least one deflector capable . of locally 
intercepting, at least part . of the said powder ejected 

• 20 in ; the f orm \ of a layer and redirecting it towards a 
determined location in the mould. • 

in other words, the device according to the 
invention provides a means for projecting a powder in 
form of a layer in suspension that is intercepted by 
25 deflectors placed on the path of the powder and 
positioned such that the intercepted powder drops at a 
precise point in the mould to be filled. 

Advantageously, the device may include several 
means for ejecting the powder added into the device in 
30 the form of a layer, each of these means being designed 
to distribute a different powder. 
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A ^^powder layer" means a set of grains that occupy 
a volume for which the thickness is small compared with 
its surface dimensions. This set may form a plane 
portion, or it may be concave, convex or any other 
5 shape. 

Advantageously, the deflector can be oriented. 
Advantageously, the deflector is mobile. 
Therefore, ...for example, the deflector can move 

vertically and can rotate on itself. 
10 For example, the deflector may be a plane part, or 

it may be convex, or it may comprise a helical portion, 
etc. 

According to one particular embodiment, the means 
for ejecting the powder in the form of a layer is a 
15 rotary device. 

According to a first case, the shape of the rotary 
device is advantageously chosen to be a disk, a cone or 
a bowl. Advantageously, the device rotates around an 
axis of rotation located at the centre of symmetry of 
2.0 ■ the device. . 

Advantageousiy, ■ the rotating .device, comprises at 
" least/ one rib. In this case, the ' rib will 
advantageously be placed along the radius of the said 
disk, cone or bowl. Note that the shape of the ribs is 
25 the same as the deflectors, in other words they may be 
plane, concave, convex, helical, etc. 

•The purpose of the ribs present on the disk, cone 
or bowl is to make it easier for the powder to fly off 
and to control it. It will be possible to use a rough 
30 coating or a coating with micro-grooves instead of 
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ribs, so as to transfer the quantity of energy 
necessary to form the powder layer. 

Advantageously, the at least one rib is rotatable. 
According to a second case, the rotating device 
5 comprises a lower part and an upper part spaced from 
each other by a determined distance, the upper part 
having an orifice through which the powder enters and 
the powder "being able to escape through the space 
between the two parts. 
10 According to a third case, the rotating device is 

an element with a powder inlet and a powder outlet, the 
said element being arranged such that the inertia of 
• the powder leaving the outlet is sufficiently high so 
that the powder is projected outside the element. 
15 Advantageously, this element is a curved tube.. 
Advantageously, the axis of rotation of this rotating 
device is concomitent with the part of the tube in 
. which the powder inlet is located. 

According to another particular embodiment, the 
20 means', for adding at least one powder are at least one 
receptacle, comprising a powder inlet and a powder 
outlet, and the ' means for ejecting the powder in the 
form of a layer is a means used to quickly move the at 
least one receptacle and to stop it suddendly so that 
25 the powder contained in. it is sprayed outside the 
receptacle by inertia. Note that the powder inlet may 
correspond to the powder outlet. 

If the means for ejecting the powder is a rotating 
device, the at least one deflector is advantageously 
30 placed in parallel with the rotation axis about which 
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the means rotates to eject the powder in the form of a 
layer. 

Advantageously, the at least one deflector may 
also be placed so as to be perpendicular to the median 
5 ejection plane of the powder layer, and the means for 
ejecting the powder may be a rotating or non rotating 
device . 

Advantageously, the at least one deflector is a 
part of the internal wall of the device. 

10 Advantageously, the shape of the at least one 

deflector is adapted to the shape of the determined 
location of the mould to be filled. In other words, the 
at least one deflector is advantageously placed above 
the cavity that it is to fill, and its shape is the 

15 same as or is similar to the shape of the said cavity. 

The device according to the invention has many 
advantages . 

Firstly, the device can be used to fill a mould 
quickly. 

20 Similarly, it makes it possible to mix . powders 

■inside the device. 

•Filling with the powder (s) is "done^- w'l^th .needing • 
, to add a complementary quantity of gas into the system 
when the powder is brought into movement. 
25 The device according to the invention provides a 

means for feeding each different zone of the pattern 
cavity with a controlled powder flow. 

The result is thus a device for controlling the 
powder flow feeding each . of the chosen zones of the 
30 mould or the cavity in time and in space. 
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Thus, with this device it becomes possible to 
create and deposit a mix of powders for which the 
different components have very different densities, 
inside the mould without destabilising it. 
5 In the same way as different compositions and 

flows of powders can be controlled in space, it is 
possible to modulate the composition of the mix and the 
apparent density of the deposited powders as a function 
of the height of the compacted part to be achieved. In 
10 particular, the horizontality and the planeness of 
deposited powders can be controlled. 

Furthermore, the device does not require the use 
of a powder with good flowability. No flows take place 
through a small diameter pipe. Therefore, the choice of 
15 powders is broadened. 

The invention makes grinding possible by impact of 
powders when the granulated powders are being added 
into the system, which is very useful for carbides and 
nuclear materials. 
20 -With this device, it becomes possible to add an 

.additive in one . or several chosen '2"ones of the: cavity, 
'for example the .additive making it possible to improve 
future compaction. 

25 BRIEF DESCRIPTION OF THE FIGURES 

Other special features and advantages of the 
invention will become clearer after reading a preferred 
embodiment of the invention with reference to the 
appended figures, wherein: 
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- Figure 1 shows a sectional view of a particular 
example of the filling device according to the 
invention. 

- Figure 2 shows a sectional view of Figure 1 along the 
5 AA axis. 

- Figure- 3 shows another example of the filling device 
according to the invention. 

- Figure 4 shows a sectional view of an example 

rotating device in the shape of a cone. 
10 - Figure 5 shows a sectional view of an example 
rotating device in the shape of a bowl. 

- Figure 5 shows a sectional view of another example 
rotating device. 

- Figure 7 shows a sectional view of a rotating device 
15 in the shape of a cone and with ribs. 

- Figure 8 shows a sectional view of another example 
rotating device. 

- Figure 9 shows another example of the filling device 
according to the invention. 

20 - Figure 10 is a sectional view along the BB axis of 
• element 37 in Figure 9. • ■ 

DETAILED PRESENTATION OF PARTICULAR EMBODIMENTS 

For example, the embodiments described below apply 
25 to filling of moulds with a powder and with a mix of 
powders . 

The filling materials used are powders intended to 
be formed for example by sintering, by compression, by 
compression-sintering or by hot isostatic compression. 
30 For example, it includes metallic, ceramic powders, or 
mixes of them. 
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These powders must satisfy manufacturing 
requirements of the sintered object, particularly 
concerning the size grading, purity and 

compressibility. Thus, the diameter of the powders used 
5 is less than 3 mm and is preferably less than 1 mm. 

The filling device according to the invention is 
supplied by placing doses of powders defined by 
volumetric or weight predosing in the said device or by 
adding powders through a hopper (reservoir in the form 

10 of a truncated and inverted quadrangular pyramid) with 
a tubular connection. For example^ for reasons of size, 
the hopper may be inclined or placed around the 
periphery of the disk. It may be replaced by a worm 
screw, or by a tube, etc. The hopper-body connection of 

15 the device is usually controlled by a closer, which 
also provides a means for metering quantities of powder 
added onto the tray and controlling the time of the 
addition. 

According to a first example shown in Figures 1 
20 and 2, the objective is. to fill a mould 2 using the 
device 1 according to the invention. The powder 3 is 
contained in a hopper 4 formed in the upper part of a 
body 20 of the device. It drops after it enters onto a 
tray 5, rotating about a central axis 6, located 
25 immediately below the hopper 4. In this example, the 
tray 5 is disk-shaped. The tray 5 that is rotating 
quickly, ejects the powder 3 in the form of a 
homogeneous and almost horizontal layer 7, for which 
the average direction is within an angle of plus or 
30 minus 90^ from the horizontal. As shown in Figure 1, 
the layer of powder 7 ejected by the tray 5, strikes 
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the wall 21 of the body of the device: this wall acts 

like a deflector. The wall 22 is located lower than the 

wall 21 and may also act as a deflector. 

Once the powder layer 7 has been deviated by the 
5 wall 21, it then comes into contact with deflectors 9 

that are fixed, radial and vertical with respect to the 

rotating tray 5. In this example, the deflectors 9 are 

fixed to a central element 8 in the shape of a 

cylinder. The powder 3 is thus distributed into the 
10 mould 2 or the cavity below the deflectors 9. Note that 

the element 8 and the deflectors 9 are fixed; only the 

tray 5 is rotating. 

After a first reflection on the body, the layer 

can be redirected towards other walls (like the walls 
15 of the body or the central element) before being 

reflected on the deflectors 9. All these walls form a 

set of deflectors that control the flow of grains. 

The rotation speed of the rotating tray is 100 to 

10000 revolutions per minute depending on the powder 
20 and the energy to • be supplied to the powder. 

Advantageously, this speed is between 100 and 5000 

revolutions per minutes. 

In Figure 2, since the deflectors are fixed and 

the tray is rotating in the clockwise direction in this 
25 example, it can be seen that the powder is in contact 

with one side of the deflectors. 

According to another example, it is required to 
fill a mould with different depths of cavities, using 
30 different powder mixes depending on the location in the 
mould. Figure 3 shows a device according to the 
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invention composed of a set of powder deflectors 
capable of distributing different layers of almost 
horizontal powders in a controlled and modulable manner 
(average direction between + or - 90° from the 
5 horizontal) at different locations in a mould. The 
mould 10 in question has two cavities: a deep and 
narrow cavity 1.1^ and a shallower and wide cavity 12, 
the bottom of which opens up onto cavity 11. 

In this example, two disks (13 and 14), rotate 

10 around a common central axis 15, and each receives a 
different powder in this case called powder A and 
powder B, that they eject in the form of an aerated 
powder layer with a determined thickness. The powders 
can be added into the disks using a hopper with two 

15 outlets or using several hoppers. It is obvious that 
the disks can be carried on different axes. 

Four elongated deflectors with different widths 
are installed to be perpendicular to the rotation plane 
of these two rotating disks (13 and 14) on the path of 

20 powder, layers. -A and B. There are actually three 
deflectors with identical shapes (16, .17 and 18) and a 
deflector 19 with a recess in the part in contact with 
the powder A. The deflectors are placed such that a 
precise location of the pattern cavity can be filled 

25 with powder. Since these four deflectors . are flat in 
shape, they are placed immediately above corresponding 
cavities of the mould that they have to fill. Thus, 
these four deflectors intercept the different powder 
layers at determined locations corresponding to 

30 cavities of a given pattern cavity to be filled. Thus, 
each deflector, due to its geometry and position (which 
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can be modified during a filling operation) 
participates in distribution of the powder or the 
different, powders in a mould. 

Remember that the shapes of the deflectors are 
5 varied (concave, plane, convex, helical shapes, etc.) 
-and that the deflectors can be tilted in all directions 
from the plane of the tray. 

The shape of each deflector has an influence on 
the quantity of powder that it deviates towards the 

10 pattern cavity. In Figure 3, it can be seen that the 
deflector 19 is wider than the deflectors 16, 17 and 18 
at the interception zone of the powder B. Therefore, 
the deflector 19 captures more powder B than the other 
deflectors and the location at which it deposits the 

15 said intercepted powder in the cavity (in other words 
the cavity 11) fills faster than the other cavities. 
The use of deflectors with different widths may be 
useful if it is required to fill locations of the 
pattern cavity with different depths. 

20 ' Furthermore, it has. been seen that the deflector 

19 is provided with a recess at the location at which 
it captures the powder A, and that this recess is 
missing at the location at which it captures the powder 
B. Therefore, deflector 19 intercepts more powder A 

25 than powder B. Therefore, the cavity 11 of the cavity 
10 will be enriched with powder A and it will contain 
traces of powder B. But the deflectors 16, 17 and 18 
intercept as much powder A as powder B. 

It is possible to displace the deflectors 

30 vertically while filling or to rotate them, for example 
so that they deviate more powder or to adapt them to a 
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different rotation speed of the disk, which has a 
repercussion on the velocity of the ejected powder. 

Note that the dimension of the cavity used with 
this device according to the invention can be as much 
5 as 200 mm. 

Figure 3 only shows a single set of deflectors and 
a single mould. Obviously, other sets of deflectors and 
corresponding moulds are present, although they are not 
shown. Moulds and deflectors are located at precise 
10 positions around the circumference of the rotating 
tray. 

Powder not deviated by deflectors drops due to 
gravity. In Figure 3, non-deviated powder drops to the 
periphery and it is recovered. In Figure 2, all the 
15 powder is used. 

Powder layers used to fill the cavities can be 
obtained in different ways. 

For example, they may be obtained by acceleration 
of the powder on a rotary device (as is the case in 
20 Figures 1 and 3) . This rotating device may be in the 
shape of a disk, a bowl, a cone, etc. 

The nature of the rotating device may be metallic, 
ceramic, polymer or other. Its surface condition may 
vary from a polished state to a very rough state 
25 depending on the required trajectory of the powder 
particles. 

The geometry of the rotating device is not 
necessarily plane. The device may for example be in the 
shape of a cone (in other words a triangular-shaped 
30 section 30) (see Figure 4), a bowl (circular-shaped or 
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approximately circular-shaped section 31) (see Figure 
5) or any other form used to direct the powder layer 7. 

If it is required to check the thickness of the 
powder layer in addition to forcing it out, another 
5 element can be added to the bowl or the disk. According 
to Figure 6, there are two parts separated by a small 
distance (up to several mm) , delimiting a space in 
which the powder can circulate: the lower part 32 is 
shaped like a bowl and the upper part 33 is also shaped 

10 like a bowl with a duct 34 at its centre through which 
the powder 7 can be entered. 

The disk, the bowl or cone may include particular 
shapes on its surface capable of adjusting transmission 
of energy from the disk to the powder. These shapes may 

15 be cylinders (for example made by adding pins) , half- 
spheres (made by local penetration of the disk) or any 
other shape that will influence entrainment of the 
powder on the disk or bowl. The disk or bowl may 
comprise ribs over their surface. For example, . Figure • 7 

20 shows a disk with a triangular section with helical 
ribs 35 starting from the vertex of the disk*. 

The powder layer may also be obtained by high 
frequency scanning of a jet. The layer is then 
materialization of the envelope of different 

25 trajectories of powder particles. This powder layer may 
be defined by a powder jet that will scan a given zone 
at high frequency. The whole of the scanned zone will 
be called a «layer». One principle example is shown in 
Figure 8. In this case, the powder may for example be 

30 accelerated in a cranked tube 36 by rotation of the 
said tube. The geometry of the said tube will determine 
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the path of the ejected powder. In this example, the 
orifice of the tube describes a circular geometry. The 
layer of powder in this case will be symmetric about 
the rotation axis of the tube, in the same way as when 
5 a rotating disk or bowl is used. 

The powder layer may also be obtained by 
acceleration of the powder contained in receptacles. 
According to Figure 9, it can be seen that the powder 
is placed in a receptacle 37 comprising one or several 

10 compartments for which the height is small compared 
with its other dimensions. One of the vertical faces of 
the receptacle does not contain a wall or is provided 
with a removable wall enabling access to the 
compartments. This wall will be removed when it is 

15 required to eject the powder outside the receptacle. In 
this case, the receptacle will be accelerated in the 
direction of the area in which it is required to create 
the layer. The receptacle is suddenly blocked at a 
short distance from this zone 38. Under the effect of 

20 its inertia at the time of the. said sudden stop, the 
powder is then ejected in the form of a layer" through 
the opening 39 provided for this purpose (see Figure 
10) . This layer may subsequently be controlled and/or 
calibrated by adapting the shape of the outlet opening 

25 of the receptacle. If the receptacle comprises several 
compartments, the layer is composed of the different 
powder projections initiated by each of the 
compartments- Advantageously, the superposed 

compartments are full of different powders (see Figure 

30 10) . Thus, different parallel layers are created. 
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Several receptacles can also be used to get a 
better distribution of powder and avoid having a 
preferred direction- Obviously, this arrangement is 
attractive for powder mixes. For example, in the case 
5 in Figure 9, four receptacles are placed on the same 
plane and at an equal distance from an axis marking the 
centre of the die . to be filled. .In this figure, powder 
ejections are symbolically shown by arrows. 

Note that the deflectors and the mould to be 
10 filled are not shown in Figure 9. 

Other mechanical systems could be envisaged to 
create the layer. For example, the layer could be 
accelerated using a gas, provided that it is possible 
to assure that the accelerating gas does not pass 
15 through or accumulate in the mould or even the area in 
which the deflectors are located. 

Once the mould is filled with the layer obtained 
according to one of these techniques, the powder (s) 
retained in it may for example be compressed using an 
20 uniaxial compression, consisting of agglomerating the 
.powder or mix of powders ' contained in the mould, 
applying a high pressure to it (1 to 8 kbars) . 

The pellet obtained is then made mechanically 
strong by applying a sintering treatment to it. This 
25 corresponds to a heat- treatment of the pellet at a 
temperature less than the melting point of the main 
constituent, in order to confer a significant 
mechanical strength on it.. ' 
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